Abstract: Preferences for different housing conditions in mice were evaluated by radiotelemetry. Male C57BL/6J and ICR mice were used. Preference for bedding materials in mice was compared among three materials, wood shavings (WS), paper (CF) and cloth (AG), using the length of stay in cages as a parameter. The results indicated that mice stayed longer in a cage with AG than in cages with other bedding materials. The present study confirmed our previous results and thereby indicated that radiotelemetry is a useful method to evaluate impacts of housing conditions on animal welfare. In the second part of this study, we used radiotelemetry to evaluate color preference of the mice for cloth bedding material. In C57BL/6J mice, staying time in black cloth was significantly longer than that in white cloth. In ICR mice, staying time in white cloth was significantly longer than that in black cloth. The mice preferred the environment with the same color as their fur, which may be important for animal welfare.
Introduction
housing conditions may affect the well-being of laboratory animals as well as experimental results. an appropriate environment is essential for the expression of natural behaviors in animals. Therefore, maintaining good standardized housing conditions may improve the comparability and reproducibility of the outcomes of animal experiments [3, 6] .
over recent decades, laboratory mice have provided substantial opportunities for researchers to perform various biomedical studies because of their similarity to humans, short life cycle and small size [21] . in spite of this, the effects of housing conditions on the physiology and behavior of mice were not carefully evaluated for many years. The selection of a bedding material is a crucial aspect in environmental enrichment that promotes the expression of natural behaviors and reduces abnormal behaviors [25] .
many researchers have sought to improve cage designs by accommodating conditions for the exhibition of species-specific behaviors [14, 34, 39] . The majority of these studies have examined the effects of cage inclusions, that is, objects that can be placed in a cage. However, another aspect of the cage, its material structure, has received less attention. evidence has suggested that laboratory rodents prefer, or have better production records in, opaque cages compared with transparent ones [5] , polypropylene cages compared with wire ones [16] , elongated cages compared with square ones [5, 41] , and divided cages compared with undivided ones [11] . one characteristic of the cage material that has not been investigated is color. standard plastic laboratory cages are either transparent or opaque white, but there is no obvious animal-related reason for this. when given a choice, animals generally show preferences for environmental color [35] . we hypothesized that, on the basis of their possible capacity for color vision, laboratory mice would show preferences between cages of certain colors.
Preference tests on bedding materials have thus been performed to develop the best housing conditions for mice [7, 8] . Recently, radiotelemetry was introduced to evaluate the staying time in bedding materials, which enabled automatic accurate collection of data [26, 40] . In the first part of this study, we applied radiotelemetry to confirm the results showing that laboratory mice prefer cloth to two other materials, paper and wood shavings, which was shown in our previous study [24] . The second part of this study aimed to examine whether laboratory mice show preference between two colors (black and white).
Materials and Methods

Animals
Thirty-two 6-weeks-old male C57BL/6J mice and ten 6-weeks-old male iCR mice (CLea Japan, inc., Tokyo, Japan) were used. Before the experiments, the mice were individually housed in plastic cages (180 × 290 × 130 mm, CLea Japan, inc.) with a wire mesh on the bottom of the cages for 2 weeks. all animals were kept in an animal room for 2 weeks before the experiments. The room was kept under a constant temperature (23 ± 2°C), humidity (55 ± 10%) and light-dark cycle (lights on at 07:00 and off at 19:00). All the mice were fed a plain commercial diet (nmF, oriental Yeast Co., Ltd., Tokyo, Japan) and tap water ad libitum. all experimental procedures were approved by the local committee for animal research of shimane university.
Radiotelemetry
The telemetry system was composed of implantable, wireless transmitters (Ta10Ta-F20), telemetry receivers (RPC-1), a consolidation matrix (BCm 100), and a dataquest data acquisition system (data sciences, st. Paul, mn, usa). implantation of the transmitters was performed as follows: firstly, mice were anesthetized by intraperitoneal injection of sodium pentobarbital (50 mg/ kg). an abdominal incision was made, and a telemetry transmitter was implanted into the peritoneal cavity. The abdominal incision was sutured, and the skin was closed with wound clips. after the operation, the telemetry transmitter was then opened by bringing a magnet close to the abdomen, which activated a battery-powered switch in the transmitter. The telemetry transmitter was then activated by again bringing a magnet close to the abdomen, which activated a switch in the transmitter turning on the battery power. Proper functioning of the transmitter was checked by placing the mouse close to an am radio as described previously [12, 15, 43] . The signals of the temperature, activity and staying time data were sent to a PC for processing and analysis. after a week of recovery, parameters were recorded every 10 min during the experiment. as the weight of this transmitter was approximately 3.4 g, it did not affect activity in mice [19] .
Preference tests
in the preference tests, three available bedding materials were examined: wood shavings (ws; Clean-chip Tm , shimizu, inc., Kyoto, Japan), paper (CF; Care-Feeaz Tm , hamri Co., Ltd., Tokyo, Japan), and cloth (ag; agrebe Tm , CLea Japan, inc.) (Fig. 1a) . we also tried to evaluate the color preference of mice for cloth bedding materials: black cloth and white cloth (Fig. 1B) . all materials used in the experiments were sterilized by autoclaving.
The cages in the preference test were composed of a central cage connected with two or three other cages furnished with bedding materials, which allowed mice to move freely from one cage to another ( Fig. 1C and  1D ). The floor of the central cage was covered with a wire mesh (180 × 290 × 130 mm, CLEA Japan Inc.). The telemetry receivers were put under the cages. Feeders and water bottles were set in the test cages. each test was started by introducing a mouse into the central cage. observation was carried out for 48 h for each experiment; the first half was for acclimation, and the latter half was for data acquisition. staying time and activity were recorded every 10 min. Preference for the bedding materials was assessed by calculating staying time per cage, and resting time was defined as a period with no activity.
Experimental procedure
Experiment 1: experiments were designed to compare two bedding materials in C57BL/6J mice. as shown in Fig. 1C , the preference tests consisted of three group comparisons: ws and CF, CF and ag, and ag and ws. The time course of experiments is shown in Fig. 2 . mice were randomly allocated to three groups as shown in the figure to avoid bias due to the experimental order. Experiments were started using mice at the age of 8 weeks.
Experiment 2: experiments were carried out to compare the three bedding materials in C57BL/6J mice (Fig.  1d) ; preference tests consisted of one group comparison: ws, CF, and ag. experiments were started using mice at the age of 8 weeks.
Experiment 3: using the apparatus shown in Fig. 1C , experiments were carried out to compare the two colors (black cloth and white cloth) in terms of the preferences of C57BL/6J and iCR mice (Fig. 1B) . experiments were started using mice at the age of 8 weeks.
Statistical analysis
data are expressed as means ± sem. differences were tested with analysis of variance (anoVa) and the scheffe post hoc test. analyses were performed using statView (sas institute inc., Cary, nC, usa). a P value less than 0.05 was considered statistically significant.
Results
Experiment 1
as shown in Fig. 3 , preference tests were performed in the three combinations: ws and CF, CF and ag, and ag and ws. in the light phase, staying times were 208. Figure 4 illustrates the resting time during the light and dark phases in the three combinations of bedding materials. in the light and dark phases, the resting time of AG was significantly longer than in ws and CF (P<0.01). as shown in Fig. 5 , the activity in the dark phase was higher than that in the light phase. The activity was significantly higher in AG than in WS and CF in light phases (P<0.01). The activity in dark phases was significantly higher in AG than that in WS (P<0.01). 
Experiment 2
as shown in Fig. 6a , the staying times were 63.6 ± 31.3, 95.5 ± 56.0, and 515.5 ± 54.2 min in WS, CF, and ag, respectively, in the light phase. The staying time in AG was significantly longer than in WS and CF (P<0.01). as for the dark phase, the staying times were 145.5 ± 32.6, 131.8 ± 47.6, and 320.0 ± 35.8 min in ws, CF, and AG, respectively. The staying time was significantly longer in ag than in the other materials (P<0.01). Figure  6B illustrates the duration of rest during both light and dark phases. in the light phase, the resting times were 15.5 ± 14.8, 40.9 ± 29.0, and 123.6 ± 24.6 min for WS, CF, and ag, respectively. mice with ag showed longer resting times than mice with ws and CF (P<0.01). as for the dark phase, the resting times were 14.5 ± 10.1, 21.8 ± 14.1, and 44.5 ± 11.4 min for ws, CF, and ag, respectively. as shown in Fig. 6C , in the light phase, the activities were 469.3 ± 86.4, 396.2 ± 71.8 and 1383.5 ± 275.0 counts for ws, CF, and ag, respectively. activity was significantly higher in AG than in the other materials (P<0.01). as for the dark phase, these activities were 1440.6 ± 221.6, 1526.7 ± 229.7, and 2099.4 ± 267.0 counts for ws, CF, and ag, respectively.
Experiment 3
as shown in Fig. 7a , preference tests were performed for two colors: black and white. in the light phase, the staying time of C57BL/6J mice for black cloth was significantly longer than for white cloth (P<0.01). in terms of the staying time of iCR mice, that for white cloth was significantly longer than for black cloth (P<0.01) in the light phase. as for the dark phase, the staying time was not significantly different between the strains. Figure 7B illustrates the duration of resting time during both light and dark phases. in the light phase, the resting time of C57BL/6J mice for black cloth was significantly longer than for white cloth (P<0.01). The resting times of iCR mice showed no difference. as for the dark phase, resting time was not significantly different between colors in both strains. as shown in Fig. 7C , the activity of C57BL/6J mice for black cloth in the light phase was significantly longer than for white cloth (P<0.05). The activities of iCR mice showed no difference. as for the dark phase, the activity was not significantly different between strains.
Discussion
Our present study confirms that mice stayed longer in the cage with ag as compared with the cages with other bedding materials. also, the mice preferred the environment with the same color as their fur. in our previous study, we examined which bedding materials are actually preferred by iCR mice and showed that mice preferred cloth best when the animal behavior was monitored with a video camera [24] . however, it is inconvenient to perform quantitative measurement of animal behavior, especially staying time, with a video camera. our results clearly indicated that telemetric measurement is useful for evaluating such behaviors in mice, as the telemetric observation results were completely consistent with those obtained with a video camera. Therefore, it is suggested that radiotelemetry is a useful approach for evaluation of the environmental preferences of laboratory animals. Preference tests can be used to evaluate housing conditions for laboratory animals, and the results may contribute to the development of better conditions [13] . Well-being is a subjective concept, referring to the state of an animal in relation to its ability to cope with its environment. ideally, assessment of well-being should be performed in a positive way, such as by measuring pleasure, by preference tests and by behavioral observations in the home cage. in order to measure pleasure, anticipatory behavior expressed by an increase in activity prior to an announced reward may be used. Preference tests aim to measure the animal's own choice for certain conditions, and combined with behavioral observations during the preference test, they are useful [4, 9] .
Bedding material is one of the most important factors influencing the daily behavior of laboratory animals, such as the proportions of time spent playing, sleeping, nesting, eating, and breeding [28, 42] . This is particularly true for mice, which are nocturnal animals that often prefer hiding and sleeping in dark places during the daytime [38] . mice were observed resting or sleeping in the cloth bedding materials during the light period (Fig. 6B) . during the dark period, mice were seen crawl- ing and hiding within the cloth bedding material. By their periods of stay among the three cages containing ws, CF, and ag, a difference in kinds of behavior of the mice between the light and dark periods was suggested ( Fig. 6a and 6C ). in both experiment 1 and experiment 2, mice were found to strongly prefer the cloth bedding material compared with the other materials. a similar result was obtained in our other study in which both male and female iCR mice had a strong preference for the cloth bedding materials compared with the other materials [33] . This suggests that the flexibility, hygroscopicity, and heat-retaining properties of cloth are comfortable for mice [23] . however, compared with wood shavings or paper, observation of an animal in the cloth bedding material cannot be carried out easily [22] . in experiment 3, we used C57BL/6J and iCR mice. C57BL/6J mice are an inbred strain; they are commonly used for embryo transfer and intergenic recombination, so we also utilized this strain here; although iCR mice are from a closed colony, we used them here for the fundamental study of the bedding materials of mice [22, 24, 32] . Laboratory mice showed clear and consistent individual preferences for cloth bedding material similar in color (black and white) to the fur of strains of both C57BL/6J and iCR mice. however, this does not explain why mice preferred places with a similar color to their fur; it could have been motivated by fear via a conditioned place preference mechanism. among mammals, trichromatic vision has only been observed in primates. This is because they have three types of cone photoreceptor, each of which is maximally sensitive to short (s), middle (m), or long (L) wavelengths of light [31] . most mammals, including mice, are dichromats, possessing only s and m cone pigments, and therefore the brains of mice did not need to evolve to make these discriminations [20, 37] . Relatively little is known about color vision in mice. in a recent investigation on color preferences, sherwin et al. [35] reported that CBa mice preferred a white cage the most and a red cage the least. The preference for white contradicts results by martinez et al. [27] and arnedo et al. [2] , who reported that, before conditioned place preference tests, mice preferred black over white places. Their visual apparatus is basically similar to that of humans [10, 29] , and the retinal ganglion cells have spectral sensitivity in the range of 360-640 nm [18] . Cone photoreceptor cells of higher vertebrates act under daylight conditions, and their characteristic color sensitivities are attributed to the visual pigments having unique absorption spectra [30] . some researchers have suggested that mice have the capacity for color vision [17] , but others have made inconclusive statements such as "whether mice have color vision is an open question" [1] . however, to ensure good welfare, we must understand the requirements of the animals, for which bedding material similar in color to their fur is preferable.
measuring the strength of preference by examining the strength of motivation for a certain option makes preference tests even more valuable [36, 38] . Behavioral observations in the home cage can be used to study such factors as differences in the behavioral repertoire after changing the living conditions of the animals. animal well-being is, in general, related to a broad behavioral repertoire, meaning that assessment of an animal's well-being requires a thorough knowledge of the animal's species-specific behavior and biology.
in conclusion, the present study indicated that radiotelemetry is a useful approach for evaluation of environmental preferences in laboratory mice. The preference test for the colors (black and white) of cloth bedding materials showed that the C57BL/6J mice preferred staying in black cloth and that the iCR mice preferred staying in white cloth, namely, in materials with protective coloring. Protective coloring of cloth bedding materials may present several advantages in terms of animal welfare. Further studies are needed to examine the relationship between protective coloring and the color of fur in inbred strains of mice.
